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Summary of Thesis 
The work presented in this manuscript focuses on automatic detection and validation of smiling 
episodes and is presented in a hybrid format. This thesis is divided into four main chapters, and 
due to the nature of this dissertation, a certain degree of unavoidable repetition is present 
between the chapters. 
 
 
Chapter 1: General Introduction and Review of the Literature 
A general discussion and overview of the literature of smiling as expression, with focus on 
differences in culture and demographics.  
 
 
Chapter 2: Automated Detection of Smiling Episodes 
The methodological details of the validation of a newly developed software interface. In which 
OpenFace2.2.0 is interlaced with our script to analyse smiling episodes in videos. This chapter 
presents an overview of the study design, participant recruitment, software development, 
equipment used, data analysis and limitations. 
 
 
Chapter 3: What’s in a Smile? An insight into the smiling features of Indigenous Fijians and New 
Zealand Europeans 
Includes details of the investigation into the “Bula Smile” by quantitatively comparing smiling 
episodes between Indigenous Fijians (i-Taukei) and New Zealand Europeans. This chapter 
presents an overview of the study design, participant recruitment, experimental procedure, 
equipment used, data analysis, study results and limitations. 
 
 
Chapter 4: Final Remarks and Future Directions 
The fourth and final chapter of this work includes final remarks, research translation and 
future directions for research.  
 
 
Chapter 5 - Appendices 
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1.1. WHAT IS SMILING? 
 
1.1.1. Introduction 
The human face is one of the most important channels of non-verbal communication. When 
interacting with each other, we direct much of our attention to the face and display of 
emotions, and misunderstandings can occur when a face is misread. The mouth has been found 
to be more informative than the eyes in displaying distinct expressions1; especially when 
showing happiness, as people tend to fixate more on the mouth than the eyes, even in subtle 
displays of emotion2–4.  
 
Smiling is a facial expression that is often interpreted as a display of joy and happiness. 
However, smiling as an expression is complex and historically misunderstood. Smiling was 
reported to have evolved from the expression of fear5. Challenging this theory, Ekman et al. 
(1990) demonstrated that smiling differed from fear and established that different muscles are 
activated for both expressions6. 
 
Humans recognise happiness faster than any other portrayed emotion, and smiling with pure 
enjoyment is usually perceived by others as an invitation for more collaboration and pleasant 
interactions7,8. Smiling can also increase the perception of an individual’s attraction9,10. While a 
smile can be an asset for work or social interaction, it can also be occasionally thought of as a 
lack of seriousness or discipline in a formal setting.  
 
1.1.2. Type of smile 
The first steps toward decoding the multi-purpose expression of smiling occurred in 1862: 
French neurologist Dr Duchenne de Boulogne investigated different forms of smiles and 
created the eponymous concept of the Duchenne smile11. The Duchenne smile is essentially 
a smile that is naturally displayed when a person is amused, delighted, or having fun, amongst 
other feelings of enjoyment. When a person displays the Duchenne smile, others feel positive 
emotions towards this person11,12. In contrast to the authentic or spontaneous Duchenne smile, 
a smile can also be classified as social or posed13. The social or posed smile is voluntary and 
reproducible, with the lips parting due to moderate muscular contraction14,15. In contrast, the 
Duchenne smile is involuntary and is elicited by laughter or pleasure, which results in maximal 
muscular contraction causing a complete expansion of lips, gingival exposure and maximum 
display of anterior teeth14,15. However, spontaneous smiles are not often attributed solely to 
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their dependence on the presence of a “Duchenne marker” but rather to a range of markers 
that are believed to formulate genuine moments of sincere enjoyment.  
 
The dissimilarity between Duchenne and non-Duchenne smiles can possibly assist in explaining 
the nature and function of smiling in situations where simultaneous positive emotions may be 
weak or absent16–19. The display of positive emotion can be greeting strangers, signalling 
reassurance, or appeasing others16–19. However, it can also be present when a person is 
experiencing negative emotions such as discomfort, dislike, disappointment, embarrassment, 
or anxiety16–19.  
 
Until recently, the non-volitional nature of the Duchenne smile was unopposed. Although 
several studies found that many people could move the relevant facial muscles (explained in 
section 1.1.3) deliberately, this was not discussed as a theoretically important finding20–23. 
Identifying a Duchenne smile where individuals truly expressed their joy depends on analysing 
their facial expressions and how they smile. Interestingly, studies conducted among actors have 
reported high percentages of Duchenne smiling under posing conditions, i.e. a deliberate 
Duchenne smile24,25. Research has found that Duchenne smiles can be produced even in the 
absence of positive emotions26. On the contrary, Krumhuber and Manstead (2009) found that 
Duchenne smiles are valid and reliable in identifying happiness and enjoyment27. 
 
In the last decade, studies have measured the deliberate Duchenne smile and considered it as 
a noteworthy phenomenon28,29. Various reasons why such a phenomenon has theoretical 
importance have been put forward, including associations in the evolutionary account of facially 
expressed emotions27,30,31. Additionally, the display of the deliberate Duchenne smile opens a 
pathway to investigate its role in social functions and individual differences related to different 
social skills and personal characteristics. 
 
1.1.3. Muscles involved in smiling  
Human facial muscle structures and their role in smiling have been well documented11,32,33. 
Detailed explanations and development of a facial expression coding system based on the 
actions of facial muscles involvement have been described34.  
 
Anatomically, the Duchenne smile is observed during the constriction of two facial muscles, 
notably the zygomatic major and orbicularis oculi6,29,35. Zygomatic major is associated with cheek 
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raising and orbicularis oculi (the Duchenne marker) with the appearance of “crow’s feet” during 
spontaneous smiling6,29,35. Other muscles that need to be considered are depressor labii inferioris, 
relaxation of mentalis, or orbicularis oris34 (refer to Table 1.1 and Figure 1.1). This specific pattern 
of facial muscle activation allows the distinction between genuine/authentic versus posed/social 
smiles (refer to Table 1.2 for markers of genuine smiling). 
 
1.1.4. Anatomical Variations  
The individual differences in the actions of the muscles are due to their types of movements, 
structure, and innervation36. The types of fibres, shapes, and sizes affect muscle action; for 
example, there are more fast-twitch fibres in the orbicularis ocluli compared to the corrugator 
supercilii, leading to differences in the actions of these muscles36. Similar to orbicularis oculi, the 
zygomaticus group (major and minor) have high quantities of fast-twitch fibres, indicating similar 
specialisations in fast actions37. 
 
There are sex differences in smiling, women have higher smile lines compared to men, 
however, high smile lines can be associated with factors such as age, gender, short upper lip, 
short incisors, hyperdivergent or patient with increased mandibular plane angle, vertical 
maxillary excess, increased lip mobility, excessive height of the maxilla, increased overbite or 
overjet, over-erupted maxillary incisors and higher capacity of muscles to raise the upper lip 
38–41. Ethnic variation may exist, though there is not a lot of population-based data in this area. 
Between Asians and Canadians, no significant difference was found in either the levator labii 
superioris or zygomaticus major muscle thickness38. Interindividual variations should be noted, as 
they may influence facial expression42. However, the amount of literature in this area is lacking.  
 
The influence of neurobiological differences and influences on facial expressions need to be 
considered36. When there is a lack of cortical control, posed (voluntary, via the pyramidal tract) 
expressions are asymmetric while spontaneous expressions (extrapyramidal tract) are  
symmetric43,44. Asymmetrical display of facial expression plays an essential role in perceiving 
attractiveness and when considering facial expression and its relation to posed or spontaneous 
expression45. As with preference for symmetry in structure, spontaneous smiles are more 
symmetrical and considered more genuine and attractive46. Furthermore, posed smiling 
episodes have an asymmetric onset. Studies have confirmed this by identifying differences in 
 
  5 
EMG recording and muscle activities between posed and spontaneous smiles associated with 
enjoyment47,48. Posed smiles are asymmetric compared to genuine smiles49. 
  6 
Table 1.1: Muscles activated during smiling32 






Zygomatic bone The skin at the angle of the mouth and orbicularis oris 
Draws angle of the mouth superiorly 
and laterally 
Orbicularis oculi The medial wall of the orbit Circular path around the orbit Closes eye 
Orbicularis oris Muscle fibres surrounding the opening of the mouth 
The skin at the corners of 
the mouth 
Closes and protrudes lip, compresses 







Zygomatic bone Upper lip Raises (elevates) upper lip, exposing maxillary (upper) teeth 
Depressor labii 
inferioris Mandible The skin of the lower lip Depresses lower lip 
Mentalis Mandible Skin of chin Elevates and protrudes lower lip and pulls the skin of chip up 
Adapted and revised from “Tortora, G. & Derricks, B. Principles of anatomy and physiology. (John Wiley & Sons, Inc., 2014)”. 
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Fig 1.1: Muscles activated during smiling50  
Reprinted and modified from “Wikimedia Commons”. 
Primary muscles Secondary muscles
Zygomaticus Major









Epicranial aponeurosis Epicranial aponeurosis 
Mentalis
Depressor labii inferioris
  8 
1.1.5. Timing 
The timing of spontaneous and posed smiles is a critical factor due to its impact on social 
judgements21. Using computer-generated smiles, Krumhuber & Kappas (2005) demonstrated 
that as the speed of a smiling episode's onset increased, the smiles' perceived authenticity 
decreased51. While timing can be utilised to differentiate posed and spontaneous smiles, smiles 
can also be characterised by the actions of facial muscles, particularly the orbicularis oculi6,46.  
 
The timing of muscle movements associated with smiling has been extensively studied6,45, and 
activation of the orbicularis oculi is associated with a longer duration of the posed smile21. 
Spontaneous smiles have precise timing and characteristics compared to posed smiles, 
generally being shorter than posed smiles6. This finding was reinforced by Ekman (1992) and 
Frank et al. (1993), who concluded that the duration of spontaneous smiles is shorter than 
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Table 1.2: Explanation of markers thought to impact genuine enjoyment smiling.  
 
Markers Action Validity 
Duchenne 
marker6,11,27,29,53 
It focuses on the constriction of orbicularis oculi, pars lateralis (FACS AU6), 
together with zygomaticus major muscles (FACS AU12). 
 
Smiling episodes with sole activation of zygomaticus major (FACS AU12) 
without orbicularis oculi (FACS AU12) do not constitute a Duchenne marker. 
Most commonly used and validated 
marker6,35,51,53 
Symmetry20,54,55 
There are symmetrical changes in the zygomaticus major action on both sides 
of the face. 
Some work has been performed 
supporting this theory54–56 
Synchrony 
marker46,57,58 
It looks at activation of the zygomaticus major and orbicularis oculi; this is when 
the muscles reach the point of maximal contraction (commonly referred to as 
apex) simultaneously. 
Further research is needed for validation 
of this marker55 
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Smoothness 
marker28,59 
The onset, apex, offset, and overall zygomaticus major actions are smooth 
(without irregularities). 
Some work has been performed 
supporting this theory46,58 
Duration 
marker56,58,60,61 
The zygomaticus major action should be between 0.5 and 4 seconds. It 
involves merely recording the point at which a subject's zygomaticus major 
begins to move from its neutral position and the point at which it returns to 
neutral.  
 
The onset duration (duration from the beginning of action until apex), apex 
duration (duration from the beginning of apex until end of apex), and offset 
duration (duration from the end of apex until the return to neutral). 
This marker is challenged in solitary 
situations58, but some work has been 
performed supporting this theory47 
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1.2. DEMOGRAPHIC INFLUENCES ON SMILING  
 
1.2.1. Age and Gender  
Females are often more expressive and emotional than men; however, research is 
inconclusive19,29,51,62–67. Studies focusing on smiling and sex differences suggested that women 
smile more than men19,65. Adult men tend to smile less than women, and in a study on children, 
girls displayed positive emotions when receiving a disappointing gift68,69. Other literature 
suggests that non-smiling women are judged more negatively than men and that men who 
smile more are considered less masculine than non-smiling men70. Interestingly, literature also 
suggests that women tend to smile more as they believe others will think less of them if they 
hear good news and do not smile19,71,72. Higher intensity of AU12 was displayed in females than 
males73. The intensity of AU12 is higher in individuals between 40-69 years old, compared to 
0–3 year-olds73.  
 
1.2.2. Smiling in a social context  
Social factors can influence smiling74 and display information about one’s intentions and 
emotions, including other facial expressions75. Smiling is associated with social motives such as 
greetings and persuasion attempts76–78. Smiling has been described as a social tool as opposed 
to a means of displaying emotion79.  
 
While smiles often reflect a positive emotion, they can also be displayed when individuals have 
emotions other than positive ones, such as embarrassment, social apprehension or feeling 
uncomfortable and miserable6,17,80–82.  
 
It has been proposed that laughter can modify the observer's emotional state by influencing 
the observer’s perception of the person displaying a smile or laughter83. An observational study 
of naturally occurring laughter/smiling found that younger males directed deliberate smiles 
towards older males84.  
 
Studying the differences in smiling characteristics is vital in social judgments in healthy individuals 
and relevant for understanding pathologies associated with spontaneous movements related 
to diseases such as Parkinson’s21, Gilles de la Tourette syndrome85 and other disorders of facial 
movement such as facial paralysis86. 
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1.3. SMILE ASSESSMENT 
Research on smile analysis has mainly focused on identifying the features that contribute to a 
“perfect” smile instead of exploring characteristics and frequency of smiling as a facial 
expression13–15,87,88. The features that contribute to a perfect smile are based mainly on 
evaluating maxillary-mandibular relationships pertaining to the face, oral aesthetics 
(relationships of lips to teeth), dental anatomy and the periodontium89. In research and clinical 
practice, the aesthetic features of a smile are primarily analysed using two-dimensional 
photographs90,91. This is a significant shortcoming as photographs of static smiles prevent an 
understanding of dynamic facial expressions, which are likely to be impacted by various 
factors14,15. Recent advances in three-dimensional video imaging techniques now permit a 
detailed assessment of smiling, including the dynamic features of a smile92–94. However, this 
research is still in its infancy, and the current literature and data are based only on very short 
videos95. 
 
The Facial Action Coding System (FACS) was initially developed by a Swedish anatomist Carl-
Herman Hjortsjö and later adopted by Ekman and Friesen (1978)34,96 to group facial 
movements by their appearance on the face. Ekman attributed different facial expressions to 
facial muscular movements and configured an action unit (AU) based system34,97. FACS is 
generally established as a popular and reliable coding system for detecting facial 
expressions96,98,99. However, due to its manual method, FACS is time-consuming, prone to bias, 
and highly dependent on the experience of the coders97,100. These potential limitations have 
led to the continuous development of automated facial action coding based on the original 
system97,101,102 (refer to Table 1.3). 
 
Facial expressions can be quantified by placing electrodes on facial muscles to measure EMG 
signals103. However, the act of electrode placement in these locations could easily hinder the 
very same facial expressions they intend to measure100. Recent advances utilising miniature 
wearable interfaces to quantify facial expressions or to monitor muscular activities in freely 
moving subjects104,105 continue to attempt to overcome these drawbacks. On the other hand, 
advances in motion capture have enabled the identification of posed and spontaneous smiling 
using a mixture of analysing facial expressions and body language106. 
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Table 1.3: Overview of methods utilized in the analysis of smiling 
Method Analysis Mode of action Advantages Disadvantages 
Manual 
coding34,96,98,99 
Manual recognition of 
FACS action units 
Cohn 2008 
A certified FACS coder 
must code data 












Translates EMG signals 
from a wearable 
Electromyography 
device 
- Can use Action Unit 
marker 
- Can detect frequency and 
duration of smiling 
episodes 
- Can interfere with facial 
expressions 
- Could not distinguish between 
perceived and occult facial actions 
- Limited analysis of muscular 
contractions; can be due to the 
limited number of sensors used 
 




measurement of facial 
muscle activations 
body movement 
Translates data from 
facial expressions and 
body language 
- A specific mode of action 
- Increased accuracy  
- Spontaneous/posed smile 
distinguisher 
- Very expensive 








Recognition of action 
units 
The software analyses 
the data 
- Less bias 
- Quick 
- Occasional lack of valid 





1.4. CULTURE AND FACIAL EXPRESSION WITH A FOCUS ON SMILING 
Facial configurations of the six basic expressions119 of emotion are universal in their perception 
and performance120,121, different cultural signals may have varying concepts of these 
emotions122. To understand emotion cross-culturally, it is essential to understand the dispute 
between universal expressions and universal emotions.  
 
Culture is transmitted across generations and is defined as a group of individuals creating 
solutions to address the problems in life and address social motives and biological needs123,124. 
Manners in which culture can influence expressional behaviour were proposed by Klineberg 
(1940)125. Firstly, culture can dictate what a particular behaviour means or how it is interpreted. 
Secondly, culture can influence emotions, which can influence expression, and culture can also 
determine what emotions may be permitted, prohibited, inhibited or exaggerated121,125. A smile 
is universal in most cultures as a friendly greeting, and it can be triggered when a person senses 
happiness, gratification and hilarity. There is a diversity of cultural norms regarding emotional 
expressiveness, which can be due to (a) the differentiation of individualism-collectivism and (b) 
free expression of personal feelings versus cultural norms or social relationships, thus making 
culture an exciting variable to explore124,126.  
 
Although smiling is generally a positive expression, its perception as a nonverbal signal can be 
negatively perceived in some cultures, where smiling individuals can be judged as less 
intelligent126,127. Ignoring the importance of the smile in different cultural situations can result in 
serious misunderstandings and communication breakdown.  
 
A cross-cultural investigation reported that people from different parts of the world interpret 
facial expressions similarly; however, due to cultural regulations and norms, they may not 
display certain facial expressions or emotions in a specific situation17,128,129. Humans can detect 
others’ cooperativeness, trustworthiness and emotions by watching a short video clip of the 
person talking or even after simply seeing photos at the time a decision was made130–132. 
However, it must be noted that cross-cultural differences interpreted as nonverbal dialects 
focus on the dialect theory of emotion133. This theory focuses on how cultural differences and 
cues for emotional expression can be subtle enough to allow precise communication between 
cultural groups. There is also potential for miscommunication; however, the greater the cultural 





LaBarre (1947) found that smiling could be mapped according to cultural traits and that 
laughter in some cultures may express surprise, wonder, discomfiture or even unease135. He 
also stated that even within a particular culture, individuals of different ages might have different 
tendencies to display emotions or facial expressions135. A study observing Japanese culture 
reported that smiling is not necessarily a spontaneous expression of amusement due to the 
law of etiquette, in contrast to Europeans who may be more expressive, and a lack of smiling 
can arouse resentment136,137. Furthermore, the culture of the perceiver of the smile may not 
influence the perception of the smile, and it is somewhat dependent on the intensity of the 
smiling138. 
 
The term “display rule” refers to social conventions and cultural norms for societal correctness 
that regulates the expression of emotion. These conventions are learned and stored 
neurologically, implicitly or explicitly and operate consciously or subconsciously139. One of the 
largest studies investigating the display rule found that participants who endorsed greater 
expression of emotion were from countries with higher individualism140. A culture of 
individualism is associated with a higher amount of free expression of emotions and 
independence versus a culture of collectivism141–143. A large scale observational study 
investigating brow-furrowing and smiling found that culture or individualism, gender and 
context influenced facial behaviour and concluded that individuals from countries with lower 
individualism smiled more in their homes, while those from countries with higher individualism 
smiled more in research facilities144. 
 
Western and Eastern cultures have dissimilar rules for displaying emotions; westerners tend to 
be more expressive and display their emotions clearly and openly, while easterners tend to 
hide or control their emotions31. Easterners tend to focus more on the eyes of the people 
rather than focusing on the mouth when interpreting emotions, the reasoning behind this is 
because eyes are more challenging to control than the mouth, while westerners tend to focus 
more on the mouth, and the reasoning behind this is that the mouth is more expressive than 
the eyes137.  
 
Chinese people were found to smile more in a social context than people in the USA145; 
interestingly, the opposite was true when individuals walked alone145. There is a norm of 
positivity in the USA and Canada associated with expressing positive emotions, and they 




and Americans were more positive than Chinese, while Canadians were more positive than 
Japanese146,147. The American culture is one of individualism, and an essential part of their 
individualistic culture is cheerfulness which is found to be effective socially and beneficial 
individually. This cheerfulness and positivity translate to more smiling across the United States 
population142,148. Individuals from the USA who smiled more frequently had an open body 
position while Japanese who smiled more frequently had a closed body position149.  
 
The Japanese polite smile is a long-cultivated etiquette, a silent language that cannot be studied 
according to Western perceptions150. The smile characteristics of the Japanese people are 
similar to masking smiles148,151. This smile is associated with social dominance and hierarchical 
relationships, and people try to make themselves appear weaker to their superiors, which is 
encouraged in the Japanese culture151.  
 
The Polish cultural value of ‘szczeroœæ’ roughly translates to honesty and is best described as 
frankness of the Polish people152. Culturally, the Polish say what they think while being mindful 
of other people’s feelings, and according to this value, it can be said that the Polish people 
more often display a genuine smile152.  
 
A slogan launched by the Fiji Visitors Bureau in the early 1980’s read ‘Fiji, the Way the World 
Should Be’, this phrase not only combined the view of Fiji with have beautiful beaches, amazing 
climate, it also encompassed the smiling faces of Fijians, people who are known for their 
hospitality, kindness and friendliness153.  
 
The Fijians are often called ‘the world’s friendliest people’ and their smile as “ the worlds 
friendliest smiles”, which over the last few decades has become a key feature of the Fijian 
tourism industry 153. From the 1980’s and into the early 1990’s, the Fijian smile started getting 
more traction and became increasingly popular in tourism marketing, so much so that it 
became the sole feature of Fijian tourism, and by the early 2000’s, the “Bula Smile” had become 
‘the icon of Fiji’154.  
 
In 2005, Kanemasu reported that the Fiji Visitors Bureau called the public to ‘show tourists’ the 
Bula Smile, which was an is a representation of the Fijian friendly spirit, this was in an attempt 




showed the importance of the Bula smile within the Fijian tourism, it hopes that it would 
reaffirm the friendliness of Fijians and revive Fiji’s tourism industry.  
 
There are numerous counts of smiling being used in tourism marketing from the early 1980’s, 
and it continues till today and confirms the importance of the Bula Smile to the success of Fiji’s 
tourism industry for the last 40 years.  
 
The Bula Smile creates a positive impression on the people, the country, the service offered 
to visitors and the overall Fiji Experience157. However, while smiles of other cultures have been 
extensively studied, there is a gap in knowledge of the Bula Smile as no research has yet 
compared it with smiles of other cultures and investigated if cultural or ethnic backgrounds 
influence smiling features. 
 
 
1.5. CULTURAL DIFFERENCE AND HUMOUR PERCEPTION 
While humour is commonly associated with amusement or funny perceptions, it can also be a 
coping mechanism to fear and anxiety158,159. Westerners tend to embrace humour and have 
associated it with positivity and expressions of amusement159–161. Within the Western world, 
humour is associated with increased attraction162,163 and a desirable trait164–167. The views of 
Westerners and Easterners differ towards humour. In China, self-realisation degrades humour 
and stresses seriousness and restriction168–171. It is reported that the Chinese do not 
acknowledge their humour due to fears of threatening social status and the belief that humour 




1.6. QUALITY OF LIFE 
Quality of life (QoL) or an individual’s “perceptions of their position in life in the context of 
culture and value systems in which they live, and in relation to their goals, expectations, 
standards, and concerns”174 is a valid factor in patient assessment areas of physical and mental 
healthcare, including oral health174. 
 
Oral health-related QoL (OHRQoL) is defined as “a standard of health of oral and related 




or embarrassment” or “the absence of negative impacts of oral conditions on social life and a 
positive sense of dentofacial self-confidence”175,176. Smiling is essential in socialisation, as one of 
the most conveyed facial expressions; there is no doubt that positive emotions such as 
happiness, joy and enjoyment reflect a positive mental health attitude177. During the past 
decade, there has been a strong emphasis on interventions that can improve individuals' 
psychological well-being and quality of life.  
 
OHRQoL incorporates both positive and negative perceptions of oral health 
outcomes178.Therefore, oral health assessments can negatively impact or enhance well-being 
and lead to people seeking preventive or elective dental treatment. Health psychologists have 
acknowledged that psychological assets such as confidence and resilience relate to an 
individual’s QoL, especially pertaining to how well they can cope with disease and poor 
health179–181.  
 
Previous research suggests that problems, such as poor oral health and malocclusions, adversely 
impact QoL and that orthodontic treatment often induces favourable emotional responses, 
improved social interactions and boosts well-being182–188. This highlights the importance of 
OHRQoL, self-confidence, and personal image with smiling. Recent qualitative research has 
shown that participants willing to undertake a course of orthodontic treatment hoped for a 
better future as they placed a significant emphasis on the attractiveness of their teeth and 
smile189. A study in adolescents on the excessive display of anterior teeth during smiling found 
that the self-perceived satisfaction with one’s dental appearance was dependent on the level 
of malocclusion present190. Tooth size, visibility, colour, gingival display, and upper lip position 
are critical factors during smiling in social and individual dimensions, and smiles with the 





Smiling has is one of the most complex facial expressions, not only can smiles have different 
forms, but smiles are also found in different social situations. However, merely looking at smiling 
from a social context and ignoring the importance of smiles in different cultural situations may 





While smiling can be bound by individualism, it is also bound by culture. Every culture is 
different, and they all have specific rules for demeanour, determining appropriateness or norms. 
Depending on the situation, cultural display rules can be different, and facial expressions have 
been subject to decades of research. Literature on smiling shows that there may be an 
association between smiling and social motivation. Within the cultural context, these factors 
may influence a person’s behaviour.  
 
The first objective of this research was to develop and validate the software script to detect 
smiling episodes and optimise thresholds (Chapter 2). As there are no studies on the Bula 
smile that investigate its features, the second objective of this study was to investigate the 
quantitative and qualitative features of smiling episodes and compare Fijians' smiles with those 
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Objective: Artificial intelligence has successfully been used to recognise different facial 
expressions. The aim of this study was to develop and validate software for automated analysis 
of smiling.  
 
Materials and Methods: A software script was developed using the Facial Action Coding System 
(FACS) and was based on deep learning algorithms. The following action units were assessed: 
Action Unit 6 (AU6 - cheek raiser), Action Unit 12 (AU12 - lip corner puller), and Action Unit 
25 (AU25 – lips apart).  
 
A convenience sample of 30 participants was investigated. All participants were asked to view 
a 4.5min series of amusing videos, and to deliberately display a series of facial expressions, to 
account for confounds of the facial expressions of interest. A full-face video was recorded using 
an ultra-high-definition (4K) webcam. The onset and cessation of smile episodes were manually 
identified by two experienced coders, serving as a gold standard. A frame-by-frame Receiver 
Operating Characteristic curve (ROC curve) was then used to assess detection accuracy, as 
represented by sensitivity and specificity, and to optimise thresholding. The videos of 
participants were then analysed to automatedly assess the frequency, duration, genuineness, 
and intensity of smiling episodes. 
 
Results: The video compilation successfully triggered smiling in all study participants. The frame-
wise ROC curve showed that the diagnostic accuracy, as represented by the area under the 
curve, was 0.94 and was optimised using thresholds of 0.5 for AU6 and 1.5 for AU12, 
respectively. These thresholds resulted in a frame-wise sensitivity of 82.9% and a specificity of 
89.7%. The software correctly identified 90.0% of smiling episodes, whereas 11.3% of the 
confounding tasks were misclassified as false positive. 
 
Conclusions: The proposed software allows the assessment of the frequency, duration, 
genuineness, and intensity of smiling as discrete episodes from full-face video recordings. It has 
applications to investigate not only the impact of oral health on smiling, but also in social, 







In humans, facial expressions are the most important channel for non-verbal communication 
and can give an insight into one’s emotional state. Smiling is a spontaneous facial expression 
occurring throughout everyday life, which varies largely between individuals1,2. While the 
interpretation of smiling may appear straightforward, it is actually one of the most complex 
facial expressions, and can be ambiguous3,4. Not only can smiles have different forms and 
meanings, but they are also found in different situations and as a consequence of different 
eliciting factors5–7. 
 
Smile analysis in dentistry has largely focused on static images8. Nonetheless, more recently, 
there has been a paradigm shift in treatment planning and smile rehabilitation from using static 
smiles to dynamic smiles; herein lies the “art of the smile”9. As the pursuit for better dentofacial 
aesthetics increases, it is essential to distinguish between posed and spontaneous smiles, 
differences between which are significant and can influence treatment planning and smile 
design8. 
 
Smiling that depicts situations of spontaneous pure enjoyment or laughter are often referred 
to as the genuine “Duchenne” smile, to acknowledge the scientist who first described their 
features10,11. The Duchenne smile prompts a combined activation of the zygomaticus major and 
the orbicularis oculi muscles. This pattern of muscular activity distinguishes between genuine 
smiles and “social” smiles, which are generally expressed during conditions of non-
enjoyment12,13. The identification of Duchenne smiles relies on subtle analysis of facial 
expressions14. 
  
The facial action coding system (FACS)15 is a popular and reliable method for detecting and 
quantifying the frequency of facial expressions from full-face video recordings16,17. The FACS 
uses action units (AUs), which code for actions of individuals or groups of muscles during facial 
expression15. The introduction of FACS has undoubtedly challenged the study of facial 
expressions as it is allows real-time assessment of emotions; however, its utilisation for manual 
detection and coding of AUs presents with limitations; (a) the need for experienced coders, 
(b) the coding process is extremely laborious, posing a huge challenge in large-scale research, 
(c) susceptibility to observer biases18 and high costs19,20. The observable limitations 
encountered with manual analyses of smiles has led to computing developments to 





However, these methods focused primarily on the identification of active target AUs frame-
by-frame and do not include comprehensive analyses of smiling as discrete episodes, so that 
their individual features and patterns can be characterised. This type of analysis would allow 
researchers to address questions such as how often, how long, how strong, and how genuinely 
do individuals smile under different experimental and/or situational factors, and what is the 
impact of factors such as, oral health-related conditions, on the way we smile.  
 
The aim of this study is to develop and validate a user-friendly software script, based on well-
established pattern-recognition algorithms for tracking facial landmarks and facial action units, 
so that smiling episodes within full-face videos can be analysed off-line and in terms of 
frequency, duration, authenticity, and intensity of smile. 
 
 
2.3. MATERIALS AND METHODS 
The study included two phases. During the first phase, a software script was developed with 
the help of a computer scientist and extensively tested with ongoing feedback from a focus 
group represented by the authors and a few test volunteers. During the second phase, 
preliminary data were collected from a convenience sample of thirty participants to optimise 
the performance of the algorithm for smiling detection and to identify optimal thresholds, so 
that the software’s performance could be validated against two manual coders serving as a 
gold standard.  
 
2.3.1. Phase I: Software Script 
OpenFace2.2.0 was used as a platform to extract information about facial action units (AUs), 
which were considered relevant for this study21. This (OpenFace2.2.0) is an open-source 
automatic facial recognition software (available here) intended to be used by researchers 
interested in machine learning, affective computing, and facial behaviour analysis21. This 
software is an update of a previous version of a facial behaviour analysis toolkit, which is based 
on convolutional neural networks and allows automated identification of 68 facial landmarks 
at any frame rate21–23. The software's output includes a timestamp, quantitative information 
about all facial landmarks, head posture, eye gaze, activation levels of facial AUs, and three-
dimensional (3D) coordinates of individual facial landmarks, as detected in each frame of the 




facial landmarks, and 3D information on the gaze vector and the head posture. An example of 
facial landmarks identified during smiling is shown in Figure 2.1. 
 
 
Fig 2.1: Example frame from a smiling study participant, with activation of AU6>0.5 and 
AU12>1.5 
 
As this study focused on smiling, the relevant action units were: AU6, AU12, and AU 25. AU6 
(“cheek raiser”) tracks the activity of the orbicularis oculi muscle, pars orbitalis, and is generally 
considered a marker of smile genuineness (i.e, a Duchenne marker). AU12 (“lip corner puller”) 
tracks the activity of the zygomatic major muscle. AU25 (“lips apart”) tracks the activity of the 
depressor labii inferioris muscle. The intensities of AU6 and AU12 activation were automatically 
coded by the software using a six-point ordinal scale (0-5), with values amounting to 1-2 
indicating weak to slight activation, a value of 3 indicating marked activity, a value of 4 extreme 
activation, and a value of 5 indicating maximum possible intensity15,24. AU25 was assigned a 





A dedicated software script was developed in Java (Oracle JDK 1.8.0_111). The software had 
a stand-alone user-friendly graphic user interface, which allows users to open the output file 
of Open Face Software and to detect all the smiling episodes occurring throughout an entire 
video or within a well-defined portion of a video, as defined by the start and end frame 
numbers (for details see Appendix 5.13).  
 
To identify the onset of a smiling episode, both AU6 and AU12 had to be above specified 
thresholds. The end of the smiling episode was identified by a subthreshold activation of either 
action unit for longer than two seconds. In effect, this means that when two or more smiling 
episodes were separated by less than 2 sec, they were merged into a single episode. The 
stand-by time could be changed by the user.  
 
For every smiling episode, the software assigned a progressive count, the onset time, the 
duration, and the mean activation of AU6 and AU12 across the entire episode. The onset and 
duration of individual episodes were given at a resolution equal to the inverse of frame rate of 
the video analysed.  
 
In order to assign a clinically meaningful value to AU25, this was reported as the proportion of 
time teeth were shown during a given smiling episode. For example, an activity value of 50% 
indicated that teeth were visible during half of the episode. 
 
Additional outcome measurements included the number of smiling episodes per minute and 
the relative smile time (%). This was calculated as the proportion of time that each individual 
had smiled while watching the video clip, by summing the durations of all smiling episodes and 
then dividing the total duration of smiling by the length of the video.  
 
2.3.2. Phase 2: Descriptive study and software validation 
Data were collected at the Craniofacial Clinical Research Laboratory at the Faculty of Dentistry, 
University of Otago, New Zealand, under local Ethics Committee approval number H19/160. 
All participants enrolled in this study agreed to participate and signed a written informed 
consent form. The report of phase 2 conforms to the guidelines for reporting observational 





2.3.3. Sample characteristics 
A convenience sample of thirty participants (16 females, 14 males; age 18.9 years SD 2.2 years) 
were recruited as part of a larger project aiming to investigate the impact of oral health, 
psychological traits, and sociodemographic variables on smiling behaviour. Recruitment started 
in September 2020 and ended in December 2020. 
 
Participants aged 16-22 were recruited through local public advertisements, including university 
mailing lists, social media, flyers, and word of mouth. Exclusion criteria were: (a) cleft lip/ palate 
or other craniofacial syndromes; (b) severe periodontitis affecting front teeth; (c) history of 
major psychiatric disorders; (d) Bell's palsy; (e) removable dentures; (f) enamel dysplasia or 
severe stains affecting front teeth; (g) history of dysmorphophobia. Wearing eyeglasses was 
not set as an exclusion criterion; however, only one participant requested to wear glasses while 
watching the videos, and this apparently did not interfere with landmark identification. The 
sample investigated in this study represented a randomly selected subset of around a hundred 
study participants.  
 
The occlusal characteristics of study participants were assessed using the Dental Aesthetic 
Index (DAI). DAI is a popular tool used in epidemiology to assess a specific set of occlusal 
traits, such as missing anterior teeth, crowding and spacing in the incisal region, midline 
diastema, overjet, anterior open bite, incisor irregularity, and molar relationship26. The overall 
DAI assessment scores of the weighted components are summed with a constant of 13 to 
produce the final DAI aggregate. (The sample exhibited a variety of occlusal conditions, but 
these were not the focus of the present investigation). 
 
2.3.4. Experimental Setup 
An Ultra High-Definition web camera (Logitech BRIO 4K Ultra High-Definition Webcam), with 
resolution set to 4096x2160 pixels and frame rate set at 30 frames per second was secured 
atop a 27inch Dell Ultrasharp U2715H computer monitor with a resolution of 2560x1440 
pixels used to showcase a video clip. 
 
Each participant was seated 60-70 cm away from the display monitor. The height of the 
monitor was adjusted so that the participant’s eyes were aligned at a point corresponding to 





Face lighting was individually optimised by a ring light (APEXEL 10" 26cm LED Selfie Circle 
Ring, Apexel, Shenzhen, Guangdong, China), which was also secured on the back of the screen. 
A neutral background was used to avoid light reflections and object interferences, which could 
affect off-line analyses of the video. The room light was switched off during the entire recording. 
 
2.3.5. Smile triggering video  
Three amusing video clips were identified via a small pilot study by the focus group previously 
described.  The first clip showed an episode of Mr Bean (Mr Bean Rides Again, Act 5: The 
Flight; 3 minutes), whose character is widely used as a trigger stimulus in smile research27,28. 
The next two clips included a non-stop laughter of a cute baby (47 seconds) and Juan Joya 
Borja’s viral laughing video widely known as the “Spanish laughing guy” in a televised episode 
of Ratones Coloraos, which first aired in 2001 but went viral in 2007 (46 seconds)29. The three 
clips were separated by fade-outs and merged into a single video, 4 minutes and 33 seconds 
in length (4 minutes and 24 seconds without transitions). 
 
Following the amusing video clips, the video presented instructions for completing a series of 
tasks, with time kept by a countdown timer and progress bar. The tasks involved initiating a 
series of jaw movements and facial expressions that could confound identification of smiles: 
speaking (counting 1-10), yawning, coughing, mouth covering; and posing anger, sadness, fear, 
surprise, disgust, smiling, and neutral expressions. The speaking task lasted 10 seconds while all 
other tasks lasted six seconds, with a six second inter-task interval. All tasks were administered 
once, except for smiling, which was repeated three times. These tasks allowed a precise tuning 
of the machine learning models that were applied to detect smiling episodes in the video and 
individual-specific calibration of the algorithm.  
 
2.3.6. Procedure   
Each participant’s involvement in the study took place in a single session. At the start of this 
session, each participant was checked against the inclusion/exclusion criteria, and the occlusal 
characteristics were scored using the DAI index. The participants were then given an overview 
of the research project and signed the written consents for participation. To elicit natural 
responses and trigger spontaneous smiling reactions during the video recording, the 
participants were not told that the main outcomes of the study were the features of their 
smiles. Afterwards, each participant was left alone in the recording room and was requested 





After viewing the video, each participant was asked to fill in two questionnaires. The first was 
a 12-item Smile Esthetics-Related Quality of Life (SERQoL) questionnaire relating to three 
dimensions of the psychosocial impact of smiles30. The second was the 60-item IPIP–NEO–60 
personality scale31. The results of these questionnaires were the subject of another investigation 
and are not analysed in this report. Each participant was given a $20 voucher as reimbursement 
for participation in this project. 
 
2.3.7. Data analysis and statistics 
The full-face videos were reviewed and coded frame-wise by two examiners (HM, RK), who 
were instructed to identify each distinct smiling episode (i.e., preceded and followed by a smile-
free period of at least two seconds) in each study participant. The frames corresponding to 
the onset and cessation of each smiling episode were identified and noted based on a 
consensus between the two coders. When consensus was not reached, a third coder (MF) 
was consulted.   
 
The validity of the smiling detection software was assessed by calculating receiver operating 
characteristics (ROC) curves, using the examiner-coded smiles as a reference standard and 
classification variable. ROC curves were assessed frame by frame timewise for each smile and 
smile-free portions. Sensitivity (Se = true positive rate) and specificity (Sp = true negative rate) 
were calculated frame-wise and maximised using Youden index (Se +Sp -1). The ROC curve 
was plotted by false positive rate (1-Sp) on the x-axis and the true-positive rate (Se) on the y 
axis. The ROC curve was plotted by varying thresholds Th1 and Th2 stepwise using a 0.05 step 
for both thresholds. The area under the curve (AUC) of the ROC curve and the overall 
accuracy of the test (sum of true positive frames + true negative frames/total frames) were 
also calculated. 
 
After threshold optimisation, the software script was run on the entire recording (including the 
post-video tasks) to identify smiling episodes and to investigate possible misclassifications (false 
positives) of confounding tasks as smiles. The three smiling tasks, part of the second section of 
the video, were excluded from the confounds analysis.  
 
To obtain an estimate of smile genuineness (0-5), intensity (0-5), and teeth exposure (%), the 




outcome variables considered in this study were the number of smiling episodes per session, 
the mean and cumulative duration of smiling episodes, and the mean activation of AU6, AU12, 
and AU25.  
 
All the data were analysed in Excel (Version 16.51, Microsoft Corporation, Redmond, 
Washington, USA) and SPSS (version 20.0 IBM Corporation, Chicago, Illinois, USA).  
 
 
2.4. RESULTS  
Study participants were young adults, mostly Caucasian (>80%), about half of them were 
females, and had a broad range of malocclusions (Table 2.1).  
 
Table 2.1: Demographic characteristics of the participants 
 
 
The distinct smiling episodes that were manually identified frame-wise by coders were used to 
build a ROC curve (Figure 2.2). The area under the curve of the ROC curve was 0.94, and the 
overall accuracy of smiling frames detection was 84.5%. The maximisation of Youden index 
indicated that detection accuracy was highest with thresholds of 0.5 for AU6 and 1.5 for AU12. 
These thresholds resulted in a sensitivity of 82.9% and a specificity of 89.7% and were used in 
subsequent episode-wise analysis in the study sample. 
Variable   
 
Age in years [Mean (SD)]  18.9 (2.2)  
Gender [n (%)]  
Female 16 (53.3) 
Male 14 (46.7) 






3 (10.0)  






Fig 2.2: ROC curve based on two thresholds for AU6 and AU12 and framewise detection of 
smiling. The analysis is based on 14,877 frames. 
 
After calibration of the algorithm, the true positive detection of individual smiling episodes was 
90.0%. In addition, 11.3% of confounder tasks were detected as false positives. The tasks more 
often misclassified as smiling were mouth covering, which amounted to around one-third of 
the false detections and yawning, which amounted to around 20% of the false positive 
detections. 
 
Study participants smiled approximately seven times according to the classifier, with each 
smiling episode lasting approximately 10 seconds, or about one-third of the duration of the 
humorous videos. Examples of smiles detected by the software can be found in Appendix 5.8 
(Participant Video Compilation). The features of smiling episodes showed a large inter-






Fig 2.3: Three-dimensional histogram depicting all the smiling episodes detected by duration 



















Descriptive statistics for the individual features of smiles, such as activation of specific action 
units are given in Table 2.2. Activation of AU12, which is the main action unit of the smile15, 
ranged from slight to pronounced, with intensity ranking between 2 and 3. Some participants 
hardly showed teeth on smiling, while others showed the teeth throughout the entire smile 
episode.  
 
Table 2.2: Descriptive statistics for the features of smiling episodes detected from the 30 
study participants, while watching the video footage 
 Mean Standard Deviation Minimum Maximum 
Number of episodes per minute 1.6 0.8 0.2 3.1 
Mean Duration of episode (s) 11.3 5.6 2.3 19.2 
Relative Smile Time (%)  34.0 23.5 1.1 80.6 
Genuineness (AU6; 0-5) 1.3 0.4 0.4 2.1 
Intensity (AU12; 0-5) 2.2 0.4 1.6 3.0 





This paper presents a user-friendly automated software script which can detect and quantify 
smiling features in terms of their: (1) frequency, (2) onset and offset of each episode and overall 
episode duration, (3) peak intensities, (4) percentage of tooth display in each smiling episode 
and (5) smiling genuineness, as represented by AU6, i.e., a Duchenne marker. The findings 
indicate an acceptable detection accuracy of the proposed method, which can be used for an 
episode-wise analysis of smiling features. The software will be available online and made 
accessible to the public as we welcome its utilisation for smile research. 
 
To the best of our knowledge, this is the first study that has used available libraries and FACS 
to present an automated episode-wise analysis of smiling episodes. This script uses a user-




script), which any researcher can utilise. Moreover, the introduction of AI to the field of 
dynamic smile analyses is fundamental. Hence, observer-related biases are minimised with an 
expected reduction in time and labour associated with manual analyses32. 
 
The measure of diagnostic accuracy includes both sensitivity and specificity values33. In our 
study, 82.9% sensitivity value demonstrates a high proportion of detected true smiling episodes. 
In addition, the diagnostic specificity is confined to 89.7%, as presented in the ROC curve plot. 
In summation, both values align well with stipulated expectations in the area of automated 
facial expression recognition and dynamic analysis of human emotions34,35. On the other hand, 
descriptive values from automated analysis of sample clips showed that participants smiled 
around two times per minute, on average for around 11 secs per episode. Also, the mean 
intensity of the zygomaticus major activation (AU12) was 2.2 + 0.4. These findings contrast 
with previous research of participants who viewed a funny clip with a mean duration of AU12 
activation (13.8 + 12.7 secs) and a maximum intensity of 1.8 + 1.136. Further, a recent study 
reported that the mean intensity of AU12 was 4.1 during genuine smiling and 3.9 for posed 
smiles37. Discrepancies between findings may be ascribed to the different methods to trigger 
and to measure smiles, and sociodemographic characteristics of the sample, which may all 
influence the features of smiling38. Lower values of AUs found in our study can also be 
explained by the fact that action unit values were averaged across an entire smiling episode 
from onset to cessation.  
 
Smiling is an expression that can be triggered on demand, as well as spontaneously within a 
social context. In phase 2, the trigger video had successfully elicited smiles in individuals 
regardless of their ethnic background, age, or malocclusion. This suggests that individuals are 
prone to smiling when a suitable trigger is used aside from circumstances and situations where 
social integration is seen39. In addition, while the participants were informed about the video 
recording process, it can be argued that masking the purpose of the video recording being the 
assessment of smiling episodes succeeded in rendering a natural response to the trigger (i.e. 
spontaneous smiling) as observation awareness is well-known to be an important variable in 
smiling research38.  
 
It is possible to detect various spontaneous facial expressions expressed in unscripted social 
context with automated recognition systems40. However, establishing reliable automated 




when multiple AUs are involved; hence, recognising compound facial expressions where 
individuals combine various expressions, is daunting 41. In addition, dynamic tracking and head 
orientation also pose obstacles to AI recognition42. In our study, we incorporated post-video 
scripts of different plausible confounders to tackle these issues.  These tasks included: counting 
numbers, yawning, coughing, mouth covering; and posing anger, sadness, fear, surprise, disgust, 
and neutral expressions43. Our findings show that only 11.3% of the tasks were identified as 
false positives after calibration of the algorithm. Misclassified smiles were mostly associated 
with mouth covering and yawning. In turn, the proposed method for episode-wise detection 
of smiles could serve as a cornerstone to better landmark feature extraction as well as 
recognition detection in future research44. 
 
As with any study, there are some limitations to the current work. Most obviously, the software 
was trained on a relatively small convenience sample of mostly western adolescents and young 
adults, future work on this software can include participants of Fijian and New Zealand 
European ethnicity to increase the validity of outcomes of Chapter 3.  Further research is 
needed to determine the classifiers’ accuracy and usefulness with regard to larger and more 
heterogeneous sample to investigate the effect of ethnicity, sex, age and other demographic 
characteristics on smiling and to increase the external validity of our findings45. In addition, it is 
important to note that the yielded accuracy was not perfect, though an AUC value closer to 
1 (0.94 in our report) is viewed as very high in terms of the discrimination performance of the 
software46. Further enhancements are plausible with future improvements in AI47.  
 
In summary, this paper presents a novel automated episode-wise quantitative assessment of 
smiling dynamics. The software can provide a quantitative analysis of the frequency, duration, 
intensity, and characteristics of smiles through a user-friendly interface that is available for 
download and further utilisation in smile research. In addition, the capability of the algorithm 
to detect and analyse observable data of individuals smiling under controlled conditions opens 
the door to addressing further challenges in this area. For example, future research could target 
understanding the dynamics of smiling in real-time conditions. Moreover, the orthodontic 
literature is replete with research on the static features of smiles, while data are scarcely 
available on the dynamic features. It would be interesting and important to examine the 
relationship between malocclusion patterns, different orthodontic treatment modalities, and 
their effect on smiling from a dynamic standpoint. Based on the aforementioned points, future 




significant not only in orthodontic research but also in other disciplines in dentistry as well as 




The proposed approach allows an automated and reliable assessment of individual smiling 
episodes and their individual characteristics, such as frequency, duration, genuineness, and 
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Chapter 3:  
 
What’s in a Smile?  
An insight into the smiling features of 






















3.1. ABSTRACT  
 
Objectives: The Fijian smile, also called the “Bula Smile,” is often described as the world’s 
friendliest. The description of Bula Smile, however, remains anecdotal. This project aimed to 
describe and compare the features of Fijians’ smiles with those of New Zealand Europeans.  
 
Methods:  
An observational study was conducted on two ethnic groups, Fijians (FJ; N=23) and New 
Zealand Europeans (NZ; N=23), matched for age and gender. All participants were asked to 
watch a series of amusing videos, and their reactions were recorded using a 4K web camera. 
The videos were analysed using bespoke pattern recognition software to assess the frequency, 
duration, intensity, and genuineness of smiling episodes. The software had been previously 
validated against the Facial Action Coding Systems (FACS) Action Units 6 (AU6 - cheek raiser), 
12 (AU12 - lip corner puller), and 25 (AU25 – lips apart) (see Chapter 2 for details). The 
participants also completed a 60-item personality (IPIP NEO) and the Smile Esthetics-Related 
Quality of Life measures (SERQoL). Malocclusions were assessed using the Dental Aesthetic 
Index (DAI). Data were analysed by generalised linear models. 
 
Results:  
Fijians smiled longer than New Zealand Europeans (+19.9%; p=0.027), but the number of 
smiles per minute did not differ between groups (p=0.083). Mean intensity of AU6 (+1.0; 
95%CIs=0.6-1.5; p<0.001), AU12 (+0.5; 95%CIs=0.1-0.9; p=0.008) and AU25 (+22.3%; 
95%CIs=7.3-37.3%; p=0.005) were all significantly higher in FJ group than in NZ group. 
Compared to the NZ group, the FJ group scored lower on openness (-4.0; P=0.026) and 
higher on SERQoL (+3.0; P=0.003), the latter indicating less confidence with their smile. The 
DAI index did not differ between the two ethnic groups. 
 
Conclusion:  
Smiling features of Fijians and New Zealanders showed objective differences, as represented 
by the mean activity of FACS AUs, which could not be explained by personality traits, self-
confidence with their smile, and malocclusion severity. The most distinctive trait of the Fijians 
smile was the higher activation of the Duchenne’s marker (AU6), which indicates “smiling with 





The human face is an important channel of non-verbal communication. While interacting with 
another person, we direct much of our attention to their face and the emotions it displays, 
and miscommunication can often be attributed to misreading a person’s face. Smiling plays a 
particularly important role in interpersonal communication1. 
 
But do we all smile in the same way? In fact, the meaning and use of emotions vary across 
individuals and communicative goals2,3. For example, western and eastern cultures have 
dissimilar rules when it comes to displaying emotions. Westerners tend to be more expressive 
and display their emotions clearly and openly, while easterners tend to hide or control their 
emotions4. Similarly, it is possible that special meanings in different cultural or subcultural 
contexts and etiquette can influence smile displays and their meaning5,6. In Japanese culture, for 
instance, smiling is not necessarily a spontaneous expression of amusement7, but rather a part 
of social etiquette used to maintain situational harmony8, In other cultures, smiling may express 
surprise, wonder, discomfiture or even unease7. 
 
Different ways in which culture can influence expressional behaviour have been proposed: first, 
culture can dictate what a certain behaviour means or how it is interpreted; second, culture 
can influence emotions, which in turn can influence expression; third, culture can determine 
what emotions may be permitted, prohibited, inhibited or exaggerated9. A smile, for example, 
is recognised in most cultures as being a friendly greeting, triggered when a person senses 
happiness, gratification, and humour. Yet, the distinct features of a smile and how they vary for 
different culturally-specific functions have not been well studied10–12.  
 
In this context, Fiji is a particularly interesting case, because Fijians are recognised internationally 
for their distinctive “Bula” smile (“Bula” being the Fijian word for “welcome”)13, which is 
associated with Fijian hospitality and their propensity to smile even through adversity14. This 
smile is often described by visitors to Fiji as the “world’s friendliest smile” and is considered a 
special feature of the Fijian populace, and a major asset to its tourism industry13. However, 
there is no investigation exploring the smiling patterns of Fijians or evidence to substantiate 
claims of a distinctive Bula Smile.  
 
The aim of this study was to describe the quantitative features of smiling episodes of Fijians 




3.3. MATERIALS AND METHODS 
3.3.1. Study Design and Setting 
This was a multi-centre observational study conducted at the Faculty of Dentistry, University 
of Otago, Dunedin and Auckland Campuses, New Zealand. This study was approved by the 
Human Research Ethics committee of the University of Otago (Ethics Committee reference 
number: H19/160), and Consultation with the Ngāi Tahu Research Consultation Committee 
had been undertaken (reference number 5732_21326). The research report conforms to 
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guidelines 
for human observational studies.  
 
3.3.2. Sample 
An a priori sample size calculation was based on a 20% clinically relevant difference in smiling 
intensity, as assessed by the activation of the lip puller muscle (AU12), assuming a standard 
deviation of 0.72 units15, type I error set to 0.05, and type II error set to 0.2 (i.e. 80% power), 
It was estimated that at least 22 participants per group were needed.  
 
3.3.3. Participant Recruitment 
Participant recruitment was conducted over a period of 8 months, from September 2020 to 
May 2021. Participants were recruited by advertisements posted on social media, university 
mailing lists, and flyers, as well as by word of mouth (Table 3.1). 
 
Participants were invited to participate if they self-identified as New Zealand European or 
Indigenous Fijian (i.e., monoethnic i-Taukei) descent and fulfilled the following inclusion criteria: 
over 16 years old and willing to participate in the study. The following conditions were 
considered as exclusion criteria: (a) history of depression or psychiatric disorders; (b) Bell’s 
Palsy; (c) cleft lip/palate or other craniofacial syndromes; (d) history of Body Image disorders 
or dysmorphophobia. Participants with long beards, make-up, accessories, and eyeglasses were 
not excluded. We aimed to recruit an equal number of male and female participants, matched 
for age ( ± 5 years), within each ethnic group.  
 
Participant recruitment and data collection started by recruiting approximately 50% of the 




Europeans was started, and they were frequency matched for age and gender with participants 
previously allocated to the FJ Group.  
 
During the initial stages of the study, nineteen Fijians responded to local advertisements and 
word of mouth. Five of them did not fulfil the ethnicity or age criteria and were excluded. 
Fourteen Fijians fulfilled the recruitment criteria; they were enrolled in the study and matched 
with an equal number of NZ participants, who were also responding to the advertisements. 
Five NZ Europeans were discarded; two did not fulfil the ethnicity criterion, while three could 
not qualify for the age frequency matching. Additional FJ participants were recruited through 
the registry of the Faculty of Dentistry, University of Otago; out of 29 Fijians who were 
contacted through a phone call or email, 6 declined participation, 17 either expressed an 
interest and did not come to the appointment or did not respond to emails; five FJ participants 
fulfilled were included in the sample. The last 4 Fijians were recruited in Auckland through 
word of mouth or fliers. The final sample included 46 participants, 23 allocated to FJ and 23 to 
NZ groups. 
 
3.3.4. Dental examination  
A comprehensive dental examination was conducted by two calibrated examiners (HM, RK) 
to assess participants’ occlusal features using the Dental Aesthetic Index (DAI)16. The DAI is a 
popular tool used in dental epidemiology to assess occlusal features such as: missing visible 
teeth, crowding and spacing between anterior teeth, midline diastema, irregularity of upper 
and lower incisors, anterior maxillary overjet or reverse overjet, anterior open bite, and molar 
relationships16.  
 
3.3.5. Questionnaire data 
Two questionnaires were used in this study. The first was the International Personality Item 
Pool (IPIP) NEO-60, a reliable and valid tool to measure personality traits according to the 
Five-Factor Model (FFM) of personality17. This questionnaire includes 60 items whose answers 
are rated on a 5-point Likert scale labelled ‘strongly disagree’, ‘disagree’, ‘neutral’, ‘agree’, or 
‘strongly agree’. The questionnaire assesses the FFM personality domains of extraversion, 
agreeableness, conscientiousness, neuroticism, and openness. The second questionnaire used 
was the 12-item Smile Esthetics-Related Quality of Life (SERQoL), which assesses individuals’ 




confidence, and social contacts. Each item is scored by 5-point Likert scales labelled as either 
‘strongly disagree’, ‘disagree’, ‘neutral’, ‘agree’, or ‘strongly agree’. 
 
3.3.6. Stimuli / Smile trigger 
A compilation of three amusing videos was used as a smile trigger. The videos have been used 
in previous research inducing smiles18,19 and were further validated in a 12-person pilot study. 
The first clip showed an episode of Mr Bean (Mr Bean Rides Again, Act 5: The Flight; 3 minutes). 
The next two clips included a laughing baby (47 seconds) and Juan Joya Borja’s (also known as 
El Risitas) viral laughing video widely known as the “Spanish laughing guy” in a televised episode 
of Ratones Coloraos, which first aired in 2001 (46 seconds)20. The three clips were separated 
by three fade-outs (each 4 seconds long) and merged into single video, which was 4 minutes 
and 33 seconds in length. 
 
3.3.7. Experimental Setup 
A standardised experimental setup was prepared in a quiet space (Craniofacial Clinical 
Research Lab) at the Faculty of Dentistry, University of Otago. An Ultra-High-Definition web 
camera (BRIO 4K Ultra High-Definition Webcam, Logitech Co., Lausanne, Switzerland) was 
used to record full-face videos from each study participant. The resolution of the web camera 
was set to 4096x2160 pixels, and the frame rate was set to 30 frames per second. The camera 
was secured on the top of a 27-inch computer screen (Dunedin Centre - Dell Ultrasharp 
U2715H, Dell Technologies, Round Rock, TX, USA and Auckland Centre – iMac 2010, Apple 
Incorporated, Cupertino, California, USA) (Appendix 5.9). The screen resolution for both 
displays was 2560x1440 pixels and was used to display the video clip used in this study. 
 
Facial lighting was optimised for each participant by using a ring light (APEXEL 10" LED Selfie 
Circle Ring, Shenzhen Apexel Technology Co. Ltd, Shenzhen, Guangdong, China) mounted on 
the back of the display monitor. To avoid light reflection and object interference that could 
affect the analysis of the video, a neutral black background was used. The room light was 






The experiment was conducted over a single session per participant. At the start of the session, 
an overview of the research was given to participants, whose ethnicity was confirmed by 
questions on the ethnicity of parents and grandparents, to ensure that only monoethnic Fijians 
and New Zealand Europeans were recruited. Following these questions, each participant was 
checked against the inclusion and exclusion criteria to ensure their eligibility for participation. 
Ten participants were excluded. Individuals who were eligible to participate in this study were 
informed of the study design via an information sheet, after which they provided written, 
informed consent to participate.  
 
The participant was asked to sit in front of a computer screen at a 60-70 cm distance. The 
monitor’s height was adjusted to align the participant’s eyes to the middle of the screen, with 
the head in a natural position.  
 
The video clips were then played, while the participant’s face was recorded by the webcam. 
To elicit natural responses and trigger spontaneous smiling, participants were not told that 
their smiling represented the primary outcome of the study.  
 
Following the video recording, participants were requested to complete the two 
questionnaires (IPIP NEO-60 and SERQoL) always in the same order, after which a dental 
examination was performed to assess their DAI16,17,21.  
 
The participants were also asked whether they had previously seen the three videos used as 
smile triggers. They were also asked to rate ‘how funny’ the videos were, using an 11 point 
scale anchored at 0 (“not funny at all” and 10 (“extremely funny”). Finally, they were asked 
how long they had lived in New Zealand.  
 
At the end of the session, each participant was gratefully acknowledged and received a $20 
voucher as reimbursement for participation in the study. 
 
3.3.9. Data analysis  
The recorded videos were analysed off-line using our pattern recognition software to assess 




Details of the software were given in Chapter 2, but the methodology will be summarised 
below. 
 
Smiling episodes were detected using the Facial Action Coding System (FACS). For this study, 
the most relevant FACS Action Units (AUs) were: AU6 (cheek raiser), AU12 (lip corner puller) 
and AU25 (lips apart). Activation of AU6 and AU12 constitutes an authentic smiling episode, 
while the additional activation of AU25 evaluates the proportion of the episode during which 
the smiler’s teeth were exposed2.  
 
The intensities of AU6 and AU12 activation were coded as a six-point ordinal scale (0-5), with 
the values; (a) 1-2 indicating weak to slight activation, (b) 3 indicating marked activity, (c) 4 
extreme activation, and (d) 5 indicating maximum possible intensity22,23. Criteria for intensity 
scoring can be found elsewhere23. A 0/1 score was assigned to AU25, with 1 indicating that 
the participant’s teeth were visible (refer to Chapter 2).  
 
Action units were tracked using open-source facial recognition software (OpenFace2.2.0), 
which allows automated identification of 68 facial landmarks at any frame rate24,25. This was 
used as the medium to extract the data required on AU’s pertinent to this study. This software 
is an extension of the OpenFace toolkit and can generate quantitative information about facial 
landmarks, head posture, eye gaze, activation levels of each facial AU and three-dimensional 
(3D) coordinates of individual facial landmarks, as identified in each frame of the video to be 
analyzed25. The software can generate videos showing dynamic changes of identified facial 
landmarks.  
 
For detection of the onset of a smiling episode, AU6 and AU12 needed to be at or above the 
thresholds set at 0.5 for AU6 and at 1.5 for AU12 (see Chapter 2, p. 42-43). The offset of the 
smiling episode was identified by a subthreshold activation of either action unit for longer than 
two seconds (60 frames). This means that when two or more smiling episodes were separated 
by less than 2 seconds, they were treated as a single episode.  
 
For each smiling episode, frequency, time of onset, duration, and mean activation of AU6 and 
AU12 across the entire episode were calculated by the software. To assign a clinically 




smiler’s teeth were displayed. For example, an activity value of 75% indicated that teeth were 
visible during three-quarters of the episode. 
 
The relative smile time (%) was calculated as the proportion of time that each individual had 
smiled while watching the video clip by summing the durations of all smiling episodes and then 
dividing the total duration of smiling by the length of the video.  
 
 
Fig 3.1: Snapshots of the software analysing facial expressions: (A) FJ participant with neutral 
face; (B) FJ participant with an authentic smile; (C) NZ participant with neutral face; (D) NZ 
participant with an authentic smile. 
 
3.3.10. Bias 
To minimise the risk of bias, participants were not told that smiling was the main outcome of 
the study. Furthermore, the dental examination and questionnaire data collection was 






assessment using 10 participants to reduce the risk of bias. Geographical confounds were also 
reduced as all participants were recruited from two cities in New Zealand.  A small number of 
participants (N=8) were recruited in Auckland; owing to this being a small number, we did not 
control for possible differences between the two cities. Additionally, as an automated smile 
analysis software was used, this reduced the possibility of subjective bias.  
 
3.3.11. Data analysis and statistics 
Descriptive statistics, mixed-model analyses and multivariate analyses were run using SPSS 
(version 20.0 IBM Corporation, Chicago, Illinois, USA), with the level of statistical significance 
set to 0.05.  
 
Demographic variables, DAI, IPIP NEO-60, and SERQoL scores were compared between 
groups using Student’s unpaired t-tests. 
 
Linear mixed model analyses were used to test the effect of ethnic group on the smiling 
outcomes AU6, AU12, AU25, after controlling for personality type and dental self-confidence. 
To account for repeated measurements of smiling episodes obtained from the same 
participant, a random term was entered to identify the study participant.  
 
After controlling for personality type and dental self-confidence, frequency, mean, and relative 
duration of smiling episodes were compared between ethnic groups using one-way analysis of 
variance (ANOVA). These analyses examined whether the smiling features differed between 
the two ethnic groups, after adjusting for possible confounders.  
 
3.3.12. Special circumstances (COVID-19 pandemic) 
Due to the COVID-19 lockdown and other COVID related issues, data collection, initially 
scheduled for May 2020, was delayed until September 2020. This delay introduced unexpected 







Participants and descriptive data 
The demographic characteristics of the study participants included in the study are described 
in Table 3.1. The age range of study participants was relatively broad; approximately half were 
female. Most of the participants (~77%) had mild to definite levels of malocclusion, as 
represented by the DAI index (Table 3.1). Fijian participants had lived in New Zealand for an 
average (±SD) of 8.6 years (±5.1years). 
 
Comparison between the personality traits of the FJ group and NZ group indicated no 
differences with respect to neuroticism, extraversion, agreeableness, and conscientiousness. 
The Fijians, however, scored significantly lower on the openness trait (-4.0 points; P=0.026). 
Lower scores on this trait indicate a personality that is cautious, consistent and prefers a 
pragmatic approach to life. 
 
The mean DAI index did not differ significantly between the two ethnic groups. None of the 
participants in the FJ group had previous orthodontic treatment, while seven participants in the 
NZ group had previous orthodontic treatment. However, dental self-confidence was 
significantly higher in the FJ group than in the NZ group (-3.0 points; p=0.003), indicating that 
the former had higher confidence with their teeth and smile. The scores for the dimensions; 
dental self-consciousness and social contacts did not differ significantly between the two groups 
(Table 3.1). 
 
Since openness and dental self-confidence differed between the two ethnic groups, they were 














Table 3.1: Demographic information, Big 5 Personality Test and SERQoL Comparison 
  NZG FJG P Valuea 
Age in years [Mean (SD)] 29.7(11.2) 29.7(10.2) 1.000 
Range 16-52 16-51  
Gender [n (%)]    
Female 11 (48) 11 (48) 
1.000 
Male 12 (52) 12 (52) 
DAI scores [Mean (SD)] 27.7(11.5) 25.6(8.7) 0.491 
IPIP NEO-60 scores [Mean 
(SD)] 
    
Neuroticism 32.5(6.7) 30.0(5.2) 0.162 
Extraversion 44.8(9.0) 46.5(5.0) 0.447 
Openness 44.6(6.7) 40.6(4.7) 0.026 
Agreeableness 49.1(5.9) 51.0(5.9) 0.286 
Conscientiousness 46.4(6.7) 46.2(5.1) 0.922 
SERQoL scores [Mean (SD)]    
Dental self-confidence 12.7(3.6) 15.7(2.8) 0.003 
Dental self-consciousness 7.2(4.0) 7.5(4.4) 0.834 
Social contacts 5.8(3.0) 5.5(2.8) 0.762 
a Student’s unpaired t-test 
 
The video successfully triggered smiling episodes in all study participants, except for five, all of 
whom belonged to the NZ group. Around half of the whole sample (53.4%) had previously 
seen Mr Bean video, while around one third (27.9% and 32.6%, respectively) of the sample 
had previously seen the other two videos. The proportion of participants who have previously 
seen the videos did not differ between the two groups (Chi-Square test; p>0.05) and the two 
groups assigned similar ‘funniness’ ratings (7.0 VS 6.7) to the video sequence (Mann-Whitney 





The FJ group smiled more frequently, and for longer per episode, than the NZ group, but 
neither difference reached statistical significance (Table 3.2). However, the groups did differ in 
terms of their relative smile time: Fijians smiled for over half the time of the entire video, 
whereas NZ Europeans smiled for around a third of it.   
 
Table 3.2: Frequency, Mean, and Relative Duration of Smiling Episodes by ethnic groups. 
Values represent estimated marginal means (lower and upper 95% confidence limits), 
adjusted for personality traits and dental self-confidence. 





Frequency (smiles per minute) 1.9 (1.5-2.3) 1.4 (1.0-1.8) 3.1 0.083 
Mean Duration of smiles (seconds) 18.8 (11.4-26.3) 13.1 (5.6-20.6) 2.7 0.105 







Fig 3.2: 3D Histogram of smiling episodes by intensity of AU6 and AU12 with intensity map: (A) Fijian Group and (B) NZ Group. Image created 
using MATLAB. 
 
Figure 3.2 shows a three-dimensional representation of all smiling episodes identified per amount of activation of AU6 and AU12 in the two ethnic 
groups. The patterns of episodes distribution differed between groups. Smiling episodes in Fijians were skewed towards higher values of both AU6, 




Mean activations of AU6 (+1.0; 95%CIs=0.6-1.5; p<0.001); effect size = 0.59 AU12 (+0.5; 
95%CIs=0.1-0.9; p=0.008); effect size = 0.37 and AU25 (+22.3%; 95%CIs=7.3-37.3%; 
p=0.005); effect size = 0.43 per episode were all significantly higher in FJ group than in NZ 
group (Fig 3.3). This means that the smiling episodes of Fijians were characterised by higher 
activation of the Duchenne’s marker (AU6), higher intensity, and a greater proportion of teeth 
display than the episodes of NZ Europeans.  
 
The analyses were re-run after excluding the five study participants from the NZ group, who 
did not smile at all while watching the amusing video. Mean activations of AU6 (+0.7; 
95%CIs=0.3-1.1; p=0.002) and AU25 (+17.8; 95%CIs=2.5-33.2%; p=0.024) were still 
significantly higher in FJ group than in NZ group. However, the between-group difference in 



























Fig 3.3: Estimated marginal means for activation of AU6, AU12, and AU25 
 
Figure 3.3 shows the estimated marginal mean of Action Units 6, 12 and 25 in the Fijian Group (FJ) versus New Zealand European Group (NZ). 






The Bula Smile is anecdotally thought to be a distinctive facial expression among Fijians. This 
study, to the best of our knowledge, is the first to investigate the features of Fijian smiles 
quantitatively. Our use of pattern recognition software ensures objective analysis and minimises 
the introduction of measurement biases. The results indicate that Fijians smiled for a longer 
time, more intensively, more broadly, and with a stronger activation of the Duchenne Marker 
than New Zealand Europeans – evidence that the former do indeed smile at least 
quantitatively, if not qualitatively, differently. Further information is needed to explore 
qualitative differences in smiling between the two groups. 
 
Several limitations of this study need to be considered. First, the Fijian participants recruited 
for this study were from Dunedin and Auckland and had been living in New Zealand for several 
years. This study needed to be conducted in New Zealand as it was not possible to travel to 
Fiji due to the current (COVID-19 related) travel restrictions. While this removed some 
geographical confounds, the possibility of cultural assimilation needs to be considered, 
especially with those that have spent a longer time in New Zealand. Due to the overlap 
between the concepts of cultural backgrounds and ethnicity and the complexity of this, this 
study should ideally have included four groups, 1) Fijians in Fiji, 2) Fijians in New Zealand, 3) 
New Zealand Europeans in New Zealand and (4) New Zealand Europeans in Fiji. Ideally, this 
should have been conducted in both Fiji and New Zealand to assess the influence of ethnicity 
and culture more reliably on smiling between the groups.  
 
Another possible limitation of this study was that the automated smiling analysis software was 
trained and calibrated on a Caucasian sample. This could possibly affect data analysis and smile 
detection due to slight anatomical differences of facial structures between Fijians and New 
Zealand Europeans. While there is limited evidence on anatomical differences in facial muscle 
due to ethnic influences, there are anatomical variations present between individuals26. These 
can be due to age and gender, and to some extent, differences within ethnic groups due to 
age-related changes27. Due to the possibility of these differences, this limitation cannot be 
disregarded. 
 
The current study also has notable strengths. This study used a previously validated method 




minimising the risk of subjective interpretation and introducing measurement bias. The use of 
multivariate and multilevel statistical model models is also a strength. Additionally, dental 
examination using the DAI and administration of two questionnaires, IPIP NEO-60 and 
SERQoL, were completed to assess dental malocclusion, personality, and self-perception of 
smiles respectively and have been included in data analysis16,17,21.  
 
Similar to the current study, other studies on facial expression are observational in nature, but 
most of these were based on subjective outcomes10,11,33–38. The present study used objective 
measures through an automated smile detection software to measure the outcomes32,39–43. 
Statistical differences were found between the two ethnic groups, with Fijians having higher 
activations of the Duchenne marker (AU6), higher intensity of smiling, and a greater proportion 
of teeth display than the episodes of NZ Europeans. This was particularly evident for the 
Duchenne marker (p<0.001), even after sensitivity analyses were done. This finding differs 
from another study in which no systematic differences were found in smile perceptions 
between ethnic groups33. This study differed in its experimental approach to ours. It used 
posed smiling photos which were matched for AU6 and AU12 activation and intensity to 
assess the perception of authenticity, rather than activation of the Duchenne marker33. Another 
study identified higher intensity of AU6 and AU12 in African-Americans, compared to Asians 
and Caucasians44. It was found that the mean difference in AU6 intensity between Fijians and 
New Zealand Europeans was about one, this was significantly higher (about five folds) than 
the difference reported between African Americans and Caucasians44. However, it should be 
noted that this study only used static images with smiling faces.  
 
The frequency of smiling did not differ between the two groups investigated (p=0.083). This 
is in contrast with other studies looking at similar outcomes and comparing ethnicities and 
cultural influences. The Americans, Chinese and Japanese have different rates of smiling, which 
could perhaps be attributed to different display rules of the different ethnicities34,45–48. It should 
be noted that these studies also differed methodologically from the current study, and did rely 
on automated FACS coding. 
 
The influence of personality traits on smiling is lacking evidence. The current evidence focuses 
on the perception of personality of the person displaying a smile by an observer. The 
attractiveness of the person can be influenced by the type of smile displayed, which can be 




smile is associated with negative perceptions, leading to decreased likeability, trust and 
attractiveness50. The FJ participants showed lower scores for openness (Big 5) and had higher 
self-confidence with their teeth. No differences were found for other personality traits 
between the two ethnic groups. Due to differences in openness scores, the statistical analyses 
were adjusted for this personality trait. Therefore, the result of the personality tests and self-
confidence with smile does not explain the differences of smiling features found between the 
two ethnic groups.  
 
It should also be noted that although humour is quite subjective and different interculturally,51–
57 a pilot study was done, prior to data collection for Chapters 2 and 3, to select appropriate 
video stimuli for this study, and there were no significant differences between the experimental 
groups in terms of the likability of the video (p=0.462). Future research needs to investigate 
how situational and individual factors can interact with culture to influence the perception of 
humour.  
 
There is potential for further research to understand the effects of ethnicity and smiling, not 
only between other ethnicities in Fiji and New Zealand, but in other cultural contexts and 
geographical regions, through a multicentre approach. A multicentre study looking at various 
ethnicities would also test the reliability of the distinctiveness of the Bula Smile against other 
ethnic groups, particularly those known for their smiles or friendliness. The current approach 
and methodology, which allow the quantitative analysis of features related to smiling (and other 
emotional expressions), could have broad applications in psychology, sociology, and tourism 
research. 
 
Additionally, there is potential for dental research that focuses on other effects of dental 
conditions such as malocclusion and its correction (orthodontic treatment), periodontal 
conditions and possibly craniofacial conditions, among others. Further discussion regarding 
future directions will be included in Chapter 4. 
 
Limitations 
- The software was trained on a relatively small convenience sample. 
- The automated smiling analysis software was trained and calibrated on a Caucasian 




- Further research is needed to determine the classifiers’ accuracy and usefulness with 
regard to a larger and more heterogeneous sample. 
- The yielded accuracy was not perfect, though an AUC value closer to 1 (0.94 in our 
report). 
- The Fijian participants recruited for this study were from Dunedin and Auckland and 
had been living in New Zealand for several years.  
 
With regards to the measures used in this study; the following should be noted:  
i) DAI:  
- Is a well establish and used commonly in dentistry and its use is also recommended by 
WHO as an epidemiological tooth in dental research58. 
- However, DAI’s applicability is constrained by mainly looking into aesthetics rather than 
taking occlusion into context “ie; there is more focus on aesthetics”. 
- Unlike the IOTN aesthetic component, DAI needs to be assessed on patients or dental 
models (study casts). Hence, its direct applicability on photos is not possible.  
 
ii) IPIP NEO-60 
- Is a common tool used to assess personality traits, it takes into account the 5 
personality models (however, there are other personality factors used in psychology).  
- This is a shortened version (60 questions) of the original 300 item questionnaire. While 
shortened, it has been validated against the IPIP NEO 60 with good validity  
- It has also been proven to be better and comparable to other measures  
- While IPIP NEO-60 has proven to be a reliable tool to assess personality traits, one 
could argue that it does not assess of personality traits such as Honest-Humility which 
is part of the HEXACO model of personality structure59. 
 
iii) SERQoL 
- A criticism of the SERQoL may be its recent introduction to assess one’s perception 
regarding their own dental aesthetics and quality of life associated with their teeth and 
smiling. 
- However, this tool has demonstrated acceptable internal consistency across all three 







Under the conditions of the present study, significant differences were found in the smiling 
features of two different ethnic groups while they were watching a standardised series of 
amusing videos. 
 
Indigenous Fijians appear to smile more often and to show more their teeth than their NZ 
European counterparts. Furthermore, the smiles of Fijians are associated with a stronger activity 
of the so-called Duchenne marker (AU6 – smiling with the eyes), which is generally considered 
a feature of smile genuineness. Our findings support the notion that the so-called “Bula Smile”, 
has quantitative features, in terms of duration and intensity of smiles, which are different from 
those of NZ Europeans. These differences cannot be explained by personality traits and self-
confidence with smiles of Fijians. Further research is needed to better understand the Bula 
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4. Chapter 4: 
Final Remarks and Future Directions 
 
4.1. FINAL REMARKS 
 
The objectives of this research project were to: 
  1) develop and validate the software script and 
2) define smiling episodes and thresholds (Chapter 2) 
 
Following development and validation, the software was successfully used to investigate the 
quantitative and qualitative features of smiling episodes and compare Fijians' smiles with those 
of NZ Europeans (Chapter 3). 
 
The translational benefits of this study into other sectors such as business, marketing, and 
hospitality will be emphasised through further research. Findings from this study may be 
extended to the tourism industries of countries, particularly Fiji. Support for tourism is required 
to re-establish the industry when COVID-19 related travel restrictions are lifted. Countries 
that rely heavily on tourism, such as Fiji, have suffered the brunt of the current pandemic1. 
Findings from this research, such as the authenticity of the Bula Smile, can be translated to the 
genuine positive attitude and happiness among front line service providers in the tourism 
industry and other services. Due to the influence of tourism in Fiji, the potential impact of this 














4.2. FUTURE DIRECTIONS 
 
4.2.1. Related to the current study 
Extending the study to involve Fijians residing in Fiji would be a logical progression to overcome 
some of the limitations in this study. This would offer further insights into the characteristics of 
the Bula Smile without external influences such as geography and climate and improve the 
strength of the current study. Moreover, as technology develops, it is imperative to consider 
software improvements and collaborate with other researchers and computer 
science/programming experts. To ensure the characteristics of the Bula Smile are well 
investigated, other means of qualitative analysis of smiling episodes are needed. This could be 
in the form of differentiating the varying intensities of smiling by analysing the width of smiles, 
teeth show and baseline posed smiling differences between Fijians and others.  
 
Numerous software programs (open-source scripts and paid software) are currently available; 
these could help highlight the strengths and overcome the limitations of the software script 
used in this study. Comparing data sets between the developed script and existing software 
would further validate the script. Comparisons could also be made using a larger and more 
heterogeneous sample to explore the effects of sex, age, and other demographic 
characteristics to improve external validity.  
 
4.2.2. Fijian tourism and Bula Smile 
This study firmly concluded that the smile of Fijians has a strong association with the Duchenne 
marker (AU6) while also detecting a slightly higher show, linking these with the Bula Smile. 
One of the shortcomings of this study was not being able to thoroughly assess qualitative 
features of the Bula Smile, which is an exciting area for future assessment. As Fiji is a multi-
ethnic nation, there is potential to further investigate the smiling patterns among Fijians of 
various ethnic origins to explore the similarities within different groups. Additionally, within the 
tourism industry, there is potential to study smiling patterns of Fijians working as frontline 
tourism staff versus the general population in popular and unpopular locations with tourists.  
 
4.2.3. Within the field of psychology and behavioural science 
An under-investigated area is the impact of personality on smiling patterns. While this research 




personality domains and possibility within the SERQoL domains has not been performed. 
Further investigations will help shed more light on these areas.  
 
The strong association of the Duchenne marker (AU6) and the authenticity of the Fijian smile 
was an important finding. It will be interesting to see if similar associations are seen in other 
population groups reported to have a higher incidence of authentic smiling and if any 
associations with personality between the groups could also be explored. 
 
4.2.4. Dentistry 
There is enormous potential to expand this research into dentistry, especially in branches 
focusing on smile aesthetics such as aesthetic dentistry, prosthodontics, and orthodontics. 
Current approaches of smile rehabilitation and treatment planning rely primarily on the static 
smile. Future research on dynamic smile assessment has tremendous implications for treatment 
planning, given the limitations of static smile assessment. An increasing number of clinicians are 
now focusing on the dynamic smile and the differences between posed and spontaneous 
smiling2.  
 
Within orthodontics, longitudinal studies exploring the changes in smiling and personality traits 
before, during and after orthodontic treatment are lacking. Such research presents a unique 
set of challenges such as participant retention, ageing effects and delayed results due to long 
term follow up. However, executing such a project could provide more significant insights into 
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Impact of malocclusion and ethnic 
backgrounds on quality of life 
Principal 
Investigator: 
Professor Mauro Farella 
Department of Oral Sciences 
Contact phone 
number: 
03 479 7070 
 
Introduction 
Thank you for showing an interest in this project. Please read this information sheet carefully. Take time 
to consider and, if you wish, talk with relatives or friends, before deciding whether or not to participate. 
 
If you decide to participate, we thank you. If you decide not to take part, there will be no disadvantage 
to you, and we thank you for considering our request. 
 
 
What is the aim of this research project? 
Our study aims to assess factors affecting the quality of life and well-being of individuals with different 
oral health-related conditions. We also aim to understand whether cultural differences could impact the 
quality of life of individuals. 
 
Understanding how oral health-related conditions could influence the quality of life of individuals would 
be of utmost value to the community as well as to the dentists. 
 
 
Who is funding this project? 




Who are we seeking to participate in the project? 
Inclusion criteria:  
 
1. 16 years and older 
2. Be of either full Fijian (i-Taukei) or New Zealand European ethnic background 
 
 
Exclusions criteria:  
You will NOT be eligible to participate if you have one of the following criteria: 
1. Cleft lip/ palate or other craniofacial syndromes.  
2. History of depression or major psychiatric disorders.  
3. Bell's palsy. 























If you participate, what will you be asked to do? 
You will be asked to attend two sessions at the University of Otago Dental School, Dunedin. 
 
You will be asked to view a short (9 minute) video. You will be video recorded during viewing the video. 
You will be also asked to fill in two questionnaires about yourself and your perception of your teeth. 
Both questionnaires would approximately take 45-60 minutes to fill. 
 
After completing the study, you will be given a voucher as an incentive for your participation. The 
voucher is valued at $20. 
 
 
Is there any risk of discomfort or harm from participation? 
The study is observational in nature and does not involve administration of an intervention. We may 
need to take impressions of your teeth and during this procedure, there is a small chance of gagging. 
However, this procedure is routinely carried out by trained dentists. We do not anticipate there would 
be any serious risk or discomfort to you from participation in this study. 
 
 
What specimens, data or information will be collected, and how will they be used? 
Questionnaires: You will be given two questionnaires to complete. The first questionnaire collects data 
about yourself and aspects related to your personality. The second questionnaire collects data about 
your perception of your own teeth. We will also collect data about your age, gender, ethnicity, email 
and residential address. This information would be used as part of our study. 
 
 
What about anonymity and confidentiality? 
You will have the right to refuse to participate or withdraw from the study at any time. The data we 
gathered will be summarised, and this summary would be the one presented when the study is 
completed as the final report. Your confidentiality and anonymity will be our priority. Your file will be 
given a unique identification code, and the data we collect will be linked to that code only.  
 
Only the research personnel responsible for this study would have access to any personal information. 
The study data will be coded and stored in a secure password-protected computer or locked cabinets 
for 10 years, then it will be destroyed. Any personal information (such as names, residency, ethnicity) 
may be destroyed once the study is completed.  
 
You will be sent a summary of the results once the report is completed, should you be interested in 
viewing the results. The results would be sent to you via email. 
 
 
If you agree to participate, can you withdraw later? 





If you have any questions now or in the future, please feel free to contact either: 
 
Reginald Kumar 
Doctorate of Clinical Dentistry Student 
Department of Oral Sciences 
 
Contact phone number: 
































This study has been approved by the University of Otago Human Ethics Committee (Health) – 
Reference Number: H19/160 
 
If you have any concerns about the ethical conduct of the research you may contact the Committee 
through the Human Ethics Committee Administrator (phone +64 3 479 8256 or email 
gary.witte@otago.ac.nz).  
 




Department of Oral Sciences 
Contact phone number: 




































Date of Birth: 
 
Gender:   Male *     Female *     Other * 
 
Ethnicity:  NZ European *      Māori *       Asian *        
  MELAA *       Pacific *       Other *     
 
Reason for seeking treatment: 
 
Date of attendance: 
 

















Impact of malocclusion and ethnic backgrounds 
on quality of life 
 
Principal Investigator: Professor Mauro Farella (mauro.farella@otago.ac.nz and 03 479 7070) 
 
 
CONSENT FORM FOR PARTICIPANTS 
Following signature and return to the research team this form will be stored in a secure place for ten 
years. 
 
Name of participant: ______________________________________ 
 
1. I have read the Information Sheet concerning this study and understand the aims of this research project. 
 
2. I have had sufficient time to talk with other people of my choice about participating in the study. 
 
3. I confirm that I meet the criteria for participation which are explained in the Information Sheet. 
 
4. All my questions about the project have been answered to my satisfaction, and I understand that I am 
free to request further information at any stage. 
 
5. I know that my participation in the project is entirely voluntary, and that I am free to withdraw from the 
project at any time. 
 
6. I know that as a participant I will be videotaped while viewing a short video and that I will have to 
complete two questionnaires. An impression of my mouth would be undertaken as well. 
 
7. I know that the questionnaires and video recordings will explore my personality and the relationship 
between oral health-related conditions and quality of life and that if the line of questioning develops in 
such a way that I feel hesitant or uncomfortable I may decline to answer any particular question(s) , and 
/or may withdraw from the project without disadvantage of any kind. 
 
8. I understand the nature and size of the risks of discomfort or harm which are explained in the Information 
Sheet. 
 
9. I know that when the project is completed all personal identifying information will be removed from the 
paper records and electronic files which represent the data from the project, and that these will be placed 
in secure storage and kept for at least ten years. 
 
10. I understand that the results of the project may be published and be available in the University of Otago 
Library. 
 
11. I know that I will be offered a voucher worth $20 as a reimbursement for participation in this study, and 
































12. I wish to receive a summary of the results of this study via email:       Yes  
                                                                            No 
 
 
13. My video recording may be visually presented at domestic or international conferences. This video 
recording will be fully identifiable. However, this is applicable only if you agree to this condition. 
              Yes  




                     Signature of participant:    Date: 
 
 





Name of person taking consent:   Date: 
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RELEASE FORM FOR PARTICIPANTS 
 
 
I give permission for the use of videos and other records for research, education or publication in 









Participant Signature:    _________________________________________ 
 
 







6.7. LINKS TO THE VIDEO STIMULI 
 
6.7.1. Chapter 2 - Video Stimuli 
 






6.8. LINK TO PARTICIPANT VIDEO COMPILATION 
 











6.9. EXPERIMENTAL SETUP 
 












































































































The IPIP-NEO-60  
Please read each item carefully and circle the one answer that best corresponds to your agreement or disagreement. If 
you the statement is very inaccurate circle 1, if it is moderately inaccurate circle 2, if it is neither accurate nor inaccurate 
circle 3, if it is moderately accurate circle 4, and if it is very accurate circle 5.     
                                                                                                                                                     
Disagree Strongly Disagree a little Neither agree nor disagree Agree a little Strongly agree 
1 2 3 4 5 
     
1. Worry about things.      1 2 3 4 5 
2. Get stressed out easily.     1 2 3 4 5 
3. Get angry easily.      1 2 3 4 5 
4. Lose my temper.       1 2 3 4 5 
5. Often feel blue.      1 2 3 4 5 
6. Dislike myself.       1 2 3 4 5 
7. Find it difficult to approach others.     1 2 3 4 5 
8. Am easily intimidated.      1 2 3 4 5 
9. Rarely overindulge.                  1 2 3 4 5 
10. Am able to control my cravings.     1 2 3 4 5 
11. Remain calm under pressure.      1 2 3 4 5 
12. Am calm even in tense situations.     1 2 3 4 5 
13. Make friends easily.      1 2 3 4 5 
14. Act comfortably with others.     1 2 3 4 5 
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16. Avoid crowds.        1 2 3 4 5 
17. Take charge.       1 2 3 4 5 
18. Try to lead others.      1 2 3 4 5  
19. Am always busy.       1 2 3 4 5 
20. Am always on the go.      1 2 3 4 5 
21. Love excitement.      1 2 3 4 5 
22. Seek adventure.       1 2 3 4 5 
23. Have a lot of fun.      1 2 3 4 5 
24. Love life.        1 2 3 4 5 
25. Have a vivid imagination.     1 2 3 4 5 
26. Love to daydream.      1 2 3 4 5 
27. Believe in the importance of art.    1 2 3 4 5 
28. Do not like art.        1 2 3 4 5 
29. Experience my emotions intensely.    1 2 3 4 5 
30. Am not easily affected by my emotions.     1 2 3 4 5 
31. Prefer to stick with things that I know.     1 2 3 4 5 
32. Don’t like the idea of change.      1 2 3 4 5 
33. Avoid philosophical discussions.     1 2 3 4 5 
34. Am not interested in theoretical discussions.   1 2 3 4 5 
35. Tend to vote for liberal political candidates.   1 2 3 4 5 
36. Believe in one true religion.      1 2 3 4 5 
37. Trust others.       1 2 3 4 5 
38. Believe that others have good intentions.   1 2 3 4 5 
39. Cheat to get ahead.       1 2 3 4 5 

































3 | P a g e  
 
41. Love to help others.       1 2 3 4 5 
42. Am concerned about others.      1 2 3 4 5 
43. Insult people.        1 2 3 4 5 
44. Get back at others.      1 2 3 4 5 
45. Believe that I am better than others.     1 2 3 4 5 
46. Think highly of myself.       1 2 3 4 5 
47. Sympathize with the homeless.     1 2 3 4 5 
48. Feel sympathy for those who are worse off than myself.  1 2 3 4 5 
49. Handle tasks smoothly.       1 2 3 4 5 
50. Know how to get things done.      1 2 3 4 5 
51. Like to tidy up.       1 2 3 4 5 
52. Leave a mess in my room.      1 2 3 4 5 
53. Tell the truth.        1 2 3 4 5 
54. Break my promises.       1 2 3 4 5 
55. Work hard.       1 2 3 4 5 
56. Set high standards for myself and others.     1 2 3 4 5 
57. Carry out my plans.       1 2 3 4 5 
58. Have difficulty starting tasks.       1 2 3 4 5 
59. Make rash decisions.       1 2 3 4 5 















Smile esthetics-related quality of life 
With the next statements we want to check how much the appearance of your teeth and smile affect your 
everyday life. Read the statements and evaluate how much they relate to you by choosing the adequate answer. 
 
Therefore, meanings of the numbers are: 
 
1 I feel proud of the appearance of my teeth and smile. 1 2 3 4 5 
2 When I meet other people, I tend to cover my mouth. 1 2 3 4 5 
3 I worry about other people giving insulting remarks about my teeth. 1 2 3 4 5 
4 I am somewhat sad because of the appearance of my teeth and smile. 1 2 3 4 5 
5 I think people avoid me because of the look of my teeth.  1 2 3 4 5 
6 I feel discomfort because of the appearance of my teeth and smile. 1 2 3 4 5 
7 
I do not enjoy company of other people because I am thinking about the 
appearance of my teeth and smile much. 
 
1 2 3 4 5 
8 I like to see my teeth in photographs. 1 2 3 4 5 
9 I cannot relax because I am thinking about the appearance of my teeth and smile. 1 2 3 4 5 
10 I avoid going out because I am burdened by the appearance of my teeth and smile. 1 2 3 4 5 
11 I think that my smile is trustworthy. 1 2 3 4 5 
12 When I smile I like to show my teeth. 1 2 3 4 5 
 
Strongly Disagree Disagree Neither agree nor disagree Agree  Strongly agree 




















6.13. VIDEO ANALYSIS AND DATA EXTRACTION 
 
